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2 shown in FIG. 2 is pre ed in those instances where 
the principal axis of elongation of specimen 9 due to 
thermally induced stress is aligned with axis 12, since the 
possibility of dummy gauge 2 sensing elongation of speci- 
men 9 along axis 12 is minimized. 

By mounting gauge 2 in the manner described, it will 
be seen that any expansion or contraction of the speci- 
men due to temperature is not mechanica!ly coupled to, 
and accordingly not sensed by the dummy gauge; how- 
ever the dummy gauge will undergo thermal expansion 
or contraction as a function of its temperature, which 
elongation is at the same rate as the adjacently disposed 
active gauge since it is experiencing this same thermal 
environment. Accordingly, by utilizing the active-dummy 
strain gauge technique in accordance with the first em- 
bodiment of the present invention, only the actual result- 
ing elongations of the test specimen will be sensed by the 
bridge work, in the form of output voltage VI, since 
dummy gauge 2 acts to cancel effects due to change in 
electrical resistance of active gauge 1 caused by the 
changing thermal environment. 

It will be apparent that the utility of the first embodi- 
ment of the present invention is restricted to cases where- 
in the specimen being tested is subjected to a changing 
thermal environment in the absence of changing mechani- 
cally induced stress, in that active gauge 1 is unable to 
discern between thermally and mechanically induced elon- 
gations. Accordingly, for those instances where it is de- 
sired to both simultaneously and independently deter- 
mine e!ongations due to thermally and mechanically in- 
duced stress, I have devised a second technique which 
will be discussed with reference to FIGS. 2 and 3. 

In FIG. 3 there is illustrated a double bridge circuit 
having in the parallel circuit paths thereof an active 
gauge 13, a pair of dummy gauges 14 and 15, and ac- 
companying balancing resistors 16, 17 and 18. The bridge 
network is further provided with input terminals 19 and 
20 and a plurality of output terminal 
posed in the circuit paths of gauges 
spectively. As in the case of the first 
present invention, illustrated in FIGS. 1 and 2, active 
gauge 13 is thermally and mechanica!ly coupled to the 
surface of specimen 9, as indicated at 24, by a thermally 
conductive cement, and the dummy gauge 14 is thermally 
coupled to but mechanically isolated from the surface 
of specimen 9, as indicated at 25, by a thermally conduc- 
tive material characterized by a high degree of plasticity. 

From viewing FIGS. 2 and 3, it will be apparent that 
the bridge circuit of the second embodiment of the pres- 
ent invention differs from the embodiment illustrated in 
FIGS. 1 and 2 principa!ly in the provision of the second 
dummy gauge 15. In the practice of the second embodi- 
ment of the present invention dummy gauge 15 is ther- 
mally and mechanically coupled to a supporting strip or 
plate 26 by any suitable thermally conductive adhesive, 
as indicated at 27, and the strip 26 is thermally coupled 
to the surface of specimen 9, as indicated at 28, by a 
thermally conductive material characterized by a high 
degree of plasticity. It will be understood that the co- 
efficient of thermal expansion of strip 26 is identical to 
that of the specimen to be tested, that dummy gauge 15 
is thermally and mechanically coupled to strip 26 by the 
same material employed to couple active gauge 13 to the 
surface of specimen 9, and that strip 26 is thermally cou- 
pled to the surface of specimen 9 b 
employed to couple dummy gauge 1 

Referring to PIG. 4 it will be seen that the axis of 
expansion and contraction of active gauge 13 is aligned 
with the axis 29 along which specimen elongation is to 
be measured, and thaE the dummy gauges 14 and 15 are 
parallel and disposed normal to axis 29. As indicated in 
the case of the first embodiment of the present invention, 
the dummy gauge arrangement illustrated in FIG. 4 is 
preferable in those instances wherein specimen elonga- 
tions in the direction of axis 29 are substantially greater 

than elongations transversely thereof, since the dummy 
gauges are ~ insensitive to elongations other than along 
their axis of expansion and contraction. However, the 
practice of the present invention is not limited to the 
dummy gauge arrangment shown, since by employing 
a material of sufficiently high plasticity to attach dummy 
gauge 14 and plate 26 to the surface of specimen 9, the 
dummy gauges may be mechanically isolated within the 
range of specimen elongation expected to be encountered. 

Considering the above, it will be apparent that when 
specimen 9 is subjected to both thermal and mechanically 
induced stress, active gauge 13 will sense thermally and 
mechanically induced expansions or contractions of the 
surface of specimen 9, dummy gauge 14 will be insensi- 

15 tive to such thermally or mechanically induced expan- 
sions or contractions, and dummy gauge 15 will sense 
thermally induced expansions or contractions of plate 26 
but be independent of mechanically induced expansions 
or contractions of the surface of specimen 9. Due to the 

20 direct thermal contact of dummy gauges 14 and 15 with 
the surface of specimen 9, such gauges will undergo 
thermal expansion and contraction as a function of the 
temperature thereof at the same rate as the adjacently 
disposed active gauge undergoes these same thermal 

25 effects. Thus, it will be apparent that effects due to change 
in electrical resistance of the gauges caused by the chang- 
ing thermal environment of the test specimen may be 
cancelled. 

Accordingly, it will be seen that the voltage output Vz 
30 across terminals 21 and 23 corresponds to the mechani- 

cally induced elongation of the surface of specimen 9, 
and that voltage output VB across terminals 22 and 23 
corresponds to the thermally induced elongation of speci- 
men 9. The voltage output across terminals 21 and 22 

35 corresponds to the total elongation of specimen 9 along 
axis 29 due to both thermal and mechanically induced 
stress. 

Although various types of strain gauge elements may 
be employed in the practice of the present invention, 

40 solid state strain gauges are preferred because of their 
high sensitivity. Specifically, I have found that for test- 
ing complex structural specimens, such as aluminum 
honeycomb solid state strain gauges, such as PO 1-16-350 
gauges manufactured by Micro Systems Inc., are pre- 

45 ferred since such gauges have a thermal coefficient of 
linear expansion of an order of magnitude lower than that 
expected for the composite structure to be tested. In 
accordance with accepted strain gauge practice, I chose 
gauges from the same gauge lots to insure substantially 

From the foregoing, it will be apparent that the several 
embodiments of the present invention represent a sub- 
stantial improvement over strain gauge techniques of the 
prior art. By the use of a technique of the first embodi- 

65 ment of the present invention thermally induced elonga- 
tions of a specimen in the absence of mechanically in- 
duced stress may be measured. Further, the simplified 
mode of attaching the several strain gauges directly to 
the surface of the specimen facilitates testing of a struc- 

60 turally complex specimen simultaneously at a plurality 
of points. By the utilization of the technique of the second 
embodiment of the present invention a specimen may be 
tested simultaneously at a plurality of points to obtain at 
each point independent measurements of elongation due 

What is claimed is: 
1. Apparatus for measuring the thermal distortion of a 

a first, second and third strain gauge, each said gauge 

a highly thermally conductive bonding means, said 
bonding mean affixing said first gauge to said speci- 
men, said specimen having thermally and mechani- 
cally induced stresses simultaneously induced therein; 

a plastic highly thermally conductive adhesive means; 

10 

50 similar thermal-electrical characteristics. 

65 to both thermal and mechanically induced stresses. 

specimen comprising: 

70 having two terminals; 

75 
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a supporting member of substantially identical thermal 
coefficient of expansion as said specimen, said sup- 
porting member being coupled by said plastic highly 
thermally conductive adhesive means to said speci- 
men; 

said bonding means further affixing said second gauge 
to said supporting member; 

said third gauge being coupled by said plastic highly 
thermally conductive adhesive means to said speci- 
men; 

first, second and third balancing resistors, each of said 
resistors having two terminals, one terminal of said 
first balancing resistor being connected to one termi- 
nal of said f i s t  gauge at a first output port, one 

terminal of said second balancing resistor being con- 
nected to one terminal of said second gauge at a sec- 
ond output port, one terminal of said third balancing 
resistor being connected at one terminal of said third 
gauge at a third output port, the second terminal of 
said gauges being connected together at a first tie 
point the second terminals of said resistors being con- 
nected to a second tie point, said first and second tie 
points being adapted to receive an excitation voltage; 

whereby said output ports are adapted to provide a 
plurality of simultaneous differential output voltages, 
said differential voltages between said first and sec- 
ond output ports being a representation of mechanical 
stress, said differential voltage between said first and 

5 

10 

15 

20 

25 

third output ports being a representation of mechani- 
cal and thermal stress, and said differential voltage 
between said second and third output ports being a 
representation of thermal stress. 

2. A thermal distortion measuring apparatus as defined 
in claim 1 wherein each said gauge has an axis of sensi- 
tivity, said first gauge being bonded to said specimen with 
said axis of sensitivity aligned in the direction of the 
thermally induced elongation to be measured, said second 
and third gauges being positioned parallel to each other 
but perpendicular to the direction of alignment of said 
first gauge; and 

said plastic highly thermally conductive adhesive means 
having substantially identical heat conductive prop- 
erties as said bonding means. 
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